Systemic infections with opportunistic fungi, such as Rhizopus, are immunocompromised humans and animals are most susceptible.2.8J0J1 In adult cattle, systemic mycotic infections usually arise from pulmonary or alimentary i n~a s i o n .~ Systemic involvement in calves is rare6 and is thought to represent subacute to chronic placental infection of the dam, with hematogenous spread to the fetus.4 Fungal placentitis causes 6.8%' of diagnosed bovine abortions in North America. Aborted fetuses rarely have systemic les i o n~.~ In this paper, we describe a disseminated Rhizopus infection, with endophthalmitis and cataracts, in a calf. In humans, endogenous fungal endophthalmitis is usually caused by Candida,2 but this condition is also a terminal complication of rhinocerebral mucormycosis" and has been reported in Rhizopus, I L Pseudoallescheria boydii,8 and Aspergillus fumigatus infections.8 Lens invasion and cataract formation are rare in humans8 but have been reported with Candida infection.2 Among animals, lens invasion as a manifestation of systemic opportunistic mycosis has only been reported in avian aspergillo~is.~ A 3-day-old female grade Hereford calf was presented to the Western College of Veterinary Medicine with a history of recumbency of 1 day duration. The calf was small, lacked a suck reflex, was in lateral recumbency with opisthotonus, paddled, and had a temperature of 39 C. The scleras were hyperemic, and the corneas were mildly edematous. The anterior chambers were shallow; marked aqueous flare, hypopyon, and fibrin were present. Intumescent immature cataracts prevented examination of the vitreous and retina. The tentative diagnosis was septicemia, with meningitis and bilateral uveitis. The calf was euthanatized with intravenous barbiturate and necropsied immediately.
At necropsy, the calfwas in good body condition. Multiple 1-2-mm-diameter firm white granulomas were present in the myocardium, liver, kidneys, and spleen. Femorotibial, tibiotarsal, scapulohumeral, and humeroradial joints had reddened synovia and contained numerous fibrin strands. The thymus was small ( 5 x 3 x 3 cm). Red, well-demarcated, soft areas were present in the parietal and occipital cerebrum bilaterally, the left caudate nucleus, thalamus, and lateral geniculate nucleus, the centrum ovale and corpus callosum ( Fig. l) , and the anterior lobe of the cerebellar vermis. Microscopic granulomas were present in the brain, heart, liver, kidneys, spleen, lymph notes, thymus. synovium, and bone marrow. Foci of pyogranulomatous inflammation, mural necrosis, and thrombosis were present in many cerebral arteries, and there were large areas of associated necrosis (infarcts) and pyogranulomatous inflammation in the neuropil (Fig. 2 ). Infrequently septate, irregularly branching hyphae of uneven width (1.5-7.8 Km), consistent with mucoraceous fungi,' were demonstrated with Gomori's methenamine silver in these foci of inflammation and necrosis.
Microscopic lesions in the eyes included vasculitis, suppurative keratitis, anterior uveitis and chorioretinitis (Figs. 3, 4) , and extensive subcapsular cataracts (Figs. 5, 6) . Hyphae and numerous neutrophils were present in all areas. Hyphae were usually most numerous near blood vessels.
Moderate acute suppurative bronchopneumonia was also present. No fungi were cultured from the lung nor were any visible in methenamine silver-stained sections of lung.
Rhizopus (species not determined) was cultured from brain, liver, and kidney. Culture on Sabouraud's dextrose agar was not attempted. No bacterial pathogens were isolated. Fluorescent antibody tests for bovine herpesvirus-I (infectious bovine rhinotracheitis) and bovine viral diarrhea virus (BVDV) on lung and on liver and spleen, respectively, were negative. Ocular involvement in disseminated fungal infection occurs secondary to spread from other organs.)] In rhinocere-bra1 mucormycosis of humans, ocular invasion is by direct extension along orbital nerves; along the ophthalmic, central retinal, or ciliary arteries; or retrograde along the cavernous sinus or ophthalmic veins." In this calf, involvement of choroid, retina, and iris, without optic nerve involvement, suggests vascular spread.
The lens is seldom involved in either human or animal mycotic infections.8JL Most organisms have difficulty pene-trating the lens capsule, although some organisms, such as Pseudoallescheria boydii, may produce a proteinase that aids in capsule destruction.* In a premature infant with a cataract induced by Candzda, entrance to the lens occurred along the tunica vasculosa lentis (TVL).2 In this calf, lens penetration by fungi could have been direct or via the TVL. Although neither remnants of the TVL nor the supplying hyaloid artery were identified in multiple sections, this was considered the most likely route of entry.
Humans are predisposed to fungal infections by broadspectrum antibiotic therapy, extracorporeal access to circulation, congenital heart defects, and immunocompromise due to a wide variety of causes.2,8.11 Similar predispositions in animals include broad-spectrum antibiotic therapy1° and immunocompromise.lJ0 BVDV has been isolated concurrently from up to 37.8% of fungal abortions,' suggesting that immunosuppression plays a role. No cause of immunosuppression was identified in this calf.
Abortions caused by fungal infections occur because of acute fulminant metritis and placentitis, with resultant fetal h y p~x i a .~ Subacute to chronic fungal metritis and placentitis allow fetal infe~tion,~ but calves are usually born alive and clinically normal, suggesting that the infection is not overwhelming. Disseminated fungal granulomas attributed to in utero infection have been observed in 0.01% of neonatal calves slaughtered in New Zealand.6
The liver is the most frequently affected organ in animals infected in utero, and the lungs are often spared because the liver receives blood directly from the placenta and the fetal circulation largely bypasses the lungs.4 In calves born to dams with experimental Mortierella wo@i placentitis, the liver was involved in 4/5, brain in 3/5, and spleen in 1/5.3 The distribution of lesions in this case was similar, which suggests that this calf was also infected in utero. The central nervous system (CNS) is a common site of inflammatory disease in patients infected with human immunodeficiency virus-1 (HIV-I). At postmortem examination, approximately 50% of AIDS patients have inflammatory lesions directly associated with HIV-1 infection of the CNS (AIDS encephalitis, aseptic meningitis, vacuolar myelopathy) or secondary to opportunistic bacterial, fungal, or parasitic agents.8.10 Of the opportunistic pathogens of the CNS, Toxoplasma gondii is the most commonly observed." Moreover, many of these patients develop multiple pathologic processes complicating the evaluation and treatment of encephalitk8 Immunohistochemical or electron microscopic techniques have been successfully used to identify multiple disease processes in clinical CNS biopsies.I.l6
Similarly, macaque monkeys infected with simian immunodeficiency virus (SIV) develop an AIDS-like syndrome, including a high incidence of e n~e p h a l i t i s .~.~~ However, opportunistic infections of the CNS are rare in the macaque model of AIDS.6.12,'5 Overall, the incidence of seropositivity and clinical toxoplasmosis in immunocompetent macaques is One report from the California Primate Research Center described only four cases of either CNS or systemic toxoplasmosis in 1,400 macaques necropsied.l* Furthermore, although experimental infection of immunosuppressed macaques with T. gondzi has been demonstrated,* only two cases of spontaneous toxoplasmosis have been reported in macaques with SIV-induced immunosuppre~sion.~ Because the macaque AIDS model is used extensively in vaccine development and in examining the pathogenesis of lentivirus disease, accurate histologic description and diagnosis of CNS pathologic processes are crucial. In this report, we describe the use of immunohistochemical and electron microscopic techniques to identify concurrent toxoplasmosis in a case of SIV-induced AIDS encephalomyelitis in a Barbary macaque An adult male captive-bred Barbary macaque was pur-(Macaca sylvana).
chased from a commercial supplier and infected with SIVmac239, a pathogenic molecular clone of SIV, by intravenous inoculation with cell-free supernatant from SIV-infected rhesus peripheral blood monocytes, as previously de-~c r i b e d .~ At 3 14 days post-inoculation, the animal was euthanatized due to poor health.
Necropsy revealed no abnormal gross findings. Representative tissue sections were saved in 10% phosphate-buffered formalin and processed by routine histologic, immunohistochemical, and electron microscopic methods.
Microscopic examination of the CNS revealed multiple foci of perivascular and parenchymal macrophages and multinucleate giant cells characteristic of primary SIV encephalitis and myelitis, located primarily within white matter tracts in all sections of brain and spinal cord examined (Fig.  I) . Associated with these inflammatory cell foci was severe white matter vacuolization. In one section of cerebral gray matter, multiple small necrotic foci surrounded by glial cells with intralesional periodic acid-Schiff-and Giemsa-positive protozoal tachyzoites and tissue cysts were seen (Fig. 2) . No tissue cysts or tachyzoites were observed in numerous other sections of cerebrum, cerebellum, thalamus, or brain stem, but examination of the spinal cord revealed multiple sections of spinal nerves containing both intracellular and free tachyzoites and occasional cysts surrounded by mild to moderate mononuclear cell infiltrates. Rare tissue cysts were observed within the myocardium of the left ventricle, but all other tissues examined showed no evidence of protozoal forms. Paired sera obtained pre-and post-inoculation with SIV were evaluated for IgG antibodies to T. gondii by an immunofluorescence assay (IFA, Damon Clinical Laboratories, Westwood, MA). Because both samples had IFA titers > 1 : 1,024, we concluded that the animal had been exposed to T. gondii prior to infection with SIV. Hence, the CNS changes observed reflected a relapse of latent toxoplasmosis.
Brain, lung, heart, and spinal cord were evaluated for im-
